We present photometric follow-up observations of the supernova candidate AT 2018we, which was discovered by the Gaia photometric alerts system. The first Gaia detection of the object was made Feb 12, 2018. Our observations, made in Cousins R and Johnson B band, range from Feb 20 to May 5, 2018. From our observations, we have constructed a light curve, which supports the initial prediction of type Ia, included in the Gaia alert. Based on this classification, we have also estimated the distance to its assumed host galaxy, which was found to be around 43 Mpc.
Introduction
AT 2018we, also known as Gaia18alj, is a candidate supernova discovered by the Gaia Photometric Alert system near the galaxy shaped object GALEXASC J170959.67+820003.4 on Feb 12, 2018, at coordinates α=17h9m57s, δ=82
• 0'3" (J2000) [Delgado et al., 2018] ; for the photometric alert page, see http://gsaweb.ast.cam.ac.uk/alerts/alert/Gaia18alj/. The comment "candidate SN near galaxy shaped object in DSS and PanSTARRS GS-TEC predicts SN Ia" is included in the alert. The GS-TEC prediction is made with the algorithms described in Blagorodnova et al. [2014] . They state that the 'purity' of Ia predictions of magnitude 19 (the magnitude of AT 2018we when the GS-TEC prediction was made) is 99.3%, i.e. the probability of prediction of a type Ia SN being false is 0.7%. One factor contributing to the high purity is that Ia are the most common type of SNe.
Type Ia supernovae are characterized by the lack of hydrogen emission lines in their spectrum (distinguishing them from type II SNe), as well as the presence of strong silicon lines (distinguishing them from type Ib and Ic SNe). Physically Ia SNe are different from all other classes, as they are believed to be triggered by thermal runaway of a white dwarf reaching the Chandresekhar limit of about 1.4 M ⊙ by accreting gas from its giant companion, in contrast to type II, Ib and Ic being triggered by the core collapse of a massive star.
Type Ia SNe are important as cosmological standard candles, because they are a largely homogeneous group, with small variance in their peak luminosity. Nevertheless, there is some variation, but this can be accounted for, thanks to the correlation between the peak luminosity and its rate of decline [ Phillips, 1993] . This in turn, once known, can be used to accurately derive the distance to the host galaxy. This has important cosmological applications, enabling e.g. measurements of the accelerated expansion of the Universe, and other cosmological parameters [e.g. Riess et al., 1998 , Perlmutter et al., 1999 .
A reduced CCD image of AT 2018we is shown in Figure 1 . We did not find any redshift published for its assumed host galaxy. Thus we have used the peak magnitude of the SN to estimate its distance.
Observations
We have made differential photometry of AT 2018we with the 0.60 m RC telescope of the University of Helsinki, located in Metsähovi, Kirkkonummi, Finland (at coordinates 60
• 13 ′ 05 ′′ N, 24
• 23 ′ 38 ′′ E), during Feb-May 2018. As detector we have used SBIG ST-7 CCD. Our photometry is mainly in the Cousins R band, because the object is well visible there, and magnitudes for suitable close by comparison stars have been found in the USNO-A2.0 catalogue [Monet, 1998] , with some data points also in the Johnson B band, which is affected by our detector being notably less efficient in blue light.
A list of our observations are shown in Table 1 . A list of comparison stars used is shown in Table  2 . The chosen comparison stars vary slightly between different nights, depending on the exact field of view.
To correct for galactic extinction and reddening, we subtracted 0.21 mag from the R band observations and 0.35 mag from the B band observations. These values for the coordinates α=17h9m57s, δ=82
• 0'3" are taken from Schlafly and Finkbeiner [2011] . Extragalactic extinction is assumed to be negligible. Table 2 : List of comparison stars used for the differential photometry. Magnitudes of the comparison stars are from the USNO-A2.0 catalogue [Monet, 1998 ]. The first column shows the identifier we have been using for the star in Table 1 . # USNO-A2.0 identifier RA (J2000) Dec (J2000) B-magnitude 
Data analysis
We have used IRAF (Image Reduction and Analysis Facility) for the reduction and analysis of our data. Basic bias and flat field corrections were made. We then stacked together 2 to 9 individual exposures for each night with the task imcombine, to gain the final image which we used in the photometry. Then, the final magnitude has been derived as a mean of the values given by using different comparison stars visible in the image that particular night. An uncertainty of a few tenths of a magnitude is caused by inconsistencies between the comparison stars, since their status as 'standard stars' is not confirmed in any way. Nevertheless, we have gained reasonable results with acceptable error margins for our purposes.
Since the host galaxy significantly contributes to the total light, aperture photometry is not reliable for the SN. We thus made a PSF (Point Spread Function) fit for isolated field stars, which was then applied to the SN. Here, we used the daophot package of IRAF. We then calculated the magnitude as the mean of magnitudes given to the SN by different comparison stars, and the uncertainty as one standard deviation of the results. The results of our photometry is shown in Table 1 and Figure 2 .
To the R band light curve, with magnitude m at time t, we fitted an empirical function of the form
as discussed by e.g. Vacca and Leibundgut [1996] and Contardo [2001] . This fits four different functions to the light curve: first, an exponential to the rising phase before light maximum, which approaches unity near the maximum. This exponential is multiplied with the sum of two Gaussians, first one for the maximum, and a second one to the bump in the ligt curve seen around 30 days after maximum, and a linearily decreasing line which describes the later parts of the fading light curve. Here t 0 is the phase where the decreasing line and the first Gaussian are normalized, and the second Gaussian is normalized at t 1 . g 0 and g 1 are the amplitudes of the two Gaussians, and σ 0 and σ 1 their widths. f 0 is the intercept of the line, γ the slope and θ and τ the characteristic time and phase zero point of the exponential. Best values for these parameters were fitted.
There are 10 free parameters in the fit, which is of the same order as the amount of data points in our light curve, so one should not assume the model to precisely describe reality, since by adjusting the free parameters a multitude of different fits could be done, all fitting the sparse data sufficiently well. Therefore, one must check that the fit seems physically reasonable, since many combinations of the free parameters can yield good fits, which are physically unreasonable. Sensible initial guesses and parameter restrictions for the fitting routine are discussed by Contardo [2001] .
Results

R band light curve
A light curve constructed from our photometry is shown in Figure 2 . The initial prediction for AT 2018we was a type Ia supernova. The light curve resembles that of a typical SN of type Ia. Some characteristic features seen in R band light curves of Ia SNe are the fast decline after the peak luminosity, after which a faint second peak is seen at around 30 days after maximum, caused by cobolt isotopes with slower decay times than the nickel isotopes powering the maximum. Although the signal of the secondary peak is weaker than our error margins, it fits very well into expected light curves for Ia SNe, as described e.g. by Contardo et al. [2000] . The secondary peak is also a weak suggestion that AT 2018we is indeed of type Ia and not Ib or Ic, whose light curves are similar, but lacking this feature in the R band (see e.g. Drout et al. [2011] , Taddia et al. [2018] ). After this the luminosity continues to decrease, but now the slope is flatter. In the B band, on the other hand, the luminosity decline is much faster than in the R band. We fitted a function of the form of Equation 1 to the R band light curve. The resulting fit is shown in Figure 3 . The fitted values for the parameters in Equation 1 are shown in Table 3 .
B band observations as a distance indicator
Our observations in the B band are quite sparse and similar light curve parameters cannot be derived from them as for the R band, but they can be used to estimate the distance to the SN and the host galaxy from the peak luminosity, which is most commonly done in the B band.
Even if type Ia SNe are largely homogeneous, there are variations in their peak luminosities, probably due to differences in their compositions. Indeed, they are not perfect standard candles, but rather 'standardizable candles'. There is a correlation between the maximum absolute luminosity and the rate of decline of the light curve, called the Phillips relation. This relation is named after Phillips [1993] , who derived the following form for it in the B band:
Here, ∆m 15 (B), introduced by Phillips [1993] , is the amount of magnitudes the SN fades in 15 days after the maximum in the B band. At Feb 24 the B magnitude was 15.7, which, when estimating the light curve by eye, seems to be close to maximum. The separation to the next data point is 19.92 days, so linearly interpolating the value of ∆m 15 (B) may not be too far stretched. This would yield ∆m 15 (B) ≈ 1.58, which would make the SN a fairly quickly declining one, and thus probably rather a faint one than a bright one, in absolute terms. The value for ∆m 15 (B) should be regarded as a minimum value, since the precise timing of the peak magnitude in the B band cannot be deduced accurately from our sparse data, but it most likely ocurred after Feb 24. Also, the timing of the peaks in the B and R bands might not be exactly the same.
By using ∆m 15 (B) = 1.58, we get M B,max = -17.46. Now we can estimate the distance d to the host galaxy by solving the distance modulus:
where m B,max is the apparent magnitude at peak luminosity, corrected for galactic extinction. Our observations in the B band are too sparse to give an accurate result, but we can estimate the value 15.7 from Feb 24 to be close to maximum. Thus, by inserting m B,max = 15.7 to Equation 3 one would get the distance to the SN as d ≈ 43 Mpc, assuming the SN follows the Phillips relation. This value should anyway be regarded only as a guide line, so we did not estimate any error bars.
A further source of error, not considered here, might be extinction and reddening caused by dust in the host galaxy.
Our relevant results about the SN derived from the B observations are summarized in Table 4 . 
Conclusions
Based on our observations, the initial classification of AT 2018we as a type Ia supernova is supported. Although there is no spectrum of the SN, which would be a more definitive proof of its type, the light curve resembles that of a typical type Ia SN. In contrast to type II SNe, however, the light curves of type Ib and Ic SNe resemble those of type Ia, so it might not be completely safe to rule out these types of core collapse SNe for AT 2018we. The weak secondary bump around 30 days after maximum, seen in the R band light curve, would still suggest that the initial GS-TEC prediction was correct, and AT 2018we is of type Ia. We have also estimated the distance to its assumed host galaxy as 43 Mpc, assuming AT 2018we to be of type Ia. The host is thus apparently a relatively closeby galaxy.
